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possib] .e annlications of nonlinear dirleetrics 
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to amoli fiers and Е ч Іп addition to samples 


used in the experimental work, these professors provided encouragement 


and advice. 

Investigation of the effects of certain additives on the pro- 
perties of barium titanate was carried out in the Transducer "ngineer- 
ing Laboratory of the Bendix iviation Corooration, North Hollywood, 


California. Nr. Leon Camp, the head of the laboratory, furnished 


guidance in this field. 
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anolvin” an ap>ro>riatr steady bias to t.e non-linear canacitor. WY 
oulsiny the biased canacitor wit: a low frequency square wave, a Sire 
hal suitable for use in freuuency shift kered radio teletyoe svstens 


of communications was obtained. 











2. Advantiges of Frequency nift Keying 

In conventional radio telety»e communications esch char ct*r is 
represented by a five digit binary code group, olus start and stop 
pulses which are used to maintain synchronism between transmitter and 
receiver. At a transmission rato of sixty words per minute each code 
pulse is twenty-two milliseconds in duration. With on-off keyinc such 
а system is vulnerable to noise and to fading. It is possible fora 
sustained noise burst to occur during an off pulse and look to the 
receiving machine like a legitimate on pulse. While a human operator 
might be able to differentiate between the noise and the signal by 
differences in intensity and pitch, it has not yet oroven practical to 
incorporate such discriminatory abilities in our communications equip- 
ment, Further, since the signal is being transmitted intermittently, 
automatic gain control and output noise limiting circuits can not be 
used in the radio receiver. 

Producing a frequency shift keyed signal involves extra system 
complexity, but there are certain advantages which justify this. When 
different frequencies are used to indicate on and off conditions, it is 
no longer possible for a noise burst to look like an on pulse. Since 
some sort of signal is being transmitted at all times, it becomes роз- 
sible to incorporate automatic gain control and output limiting circuits 
in the receiver. This gives great improvement under conditions of flat 
fading. Frequencv shift keying may be regarded as a limitinz case of 
frequency modulation. The intelligence carrying power is dispersed over 
a small number of discrete sidebands, whereas with on-off keying this 
power is concentrated principally in two narrow sidebands close to the 


carrier frequency. With a frequency shift on the order of 850 cycles 
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l Terminolo y 

in t'e following remarks on tae roberti o. Citntat® ceramics; 
it will be necessary to emmloy seme of tree Малла поо of crystal- 
lograpny. Simee cıystzllogramers dn not arrac on & single ¢teadard 
vocabular’, it may се well to define the mgoressions’ to be use? a5 
tie outset. The unit cell is the smallast samellelepiped fron wich 
& particular crrstal may be constrict@1. Ihe cryst@l axcs are а 
systen of coordinates parallel to the eds ol a unit cll. The 
Axes are labelled a, , and c. The unit distance®® alo the axre 
are orobortional to tre dinensions of the unit cell. ‘ina curic 
ervstal the axes are mutually perventiculac, an? the interceots arr 
equal. ina tetragonal crystal tye agés are awain mutually peroenci- 
cular, tie intercapius along a and È are Qual, Bec lat on c is 
larger. Іп an orthorhombic crystal the aaas arm onc. more mutually 
berpendiculer, but none OL the inzqrcepis его сара). Іп е. саре 
ecacb. 4 itrmigenal crrstil ses four axes: c is MPa of Symetir-; 
a], 35, árf! 83 are equal in lengta, Вили 120° asart in Joe er 
vendicular to c. 

The Curie Foint is the tefmeratura gt Mich the crystal structure 
of the ceramic chánges. “This is viarzagble witn rew ect to the cWmical 
compesiticr and ®ressere. Aerium titameate is characterized ty tires 
Such points. iost authoritics refer only to the cMenge which occurs 
at about 120°C. as tee Curie Foint, and to the otvers as tuarsition 
bornts. ассо репти, ese structural сий. ес are caan es in v e oro- 


зегізез of the material. oever2l of tnese Aronerties arr ol inter t. 
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for the titanium atom equally probable. The material is neither Wiezo- 
nor ferroelectric in this state. At the Curie Point, the dielectric 
constant is a maximum, falling off rapidly on either side. (Above the 
Curie Point this variation is approximately that predicted by the 


Curie-Weiss Law 


Ка Ko / C/ (tete) 
where Ko is the limiting value of the dielectric constant for temper- 
atures much higher than the Curie roint, C is a constant, t is the 
temperature, and to is the Curie Point temoerature.) 

When the temperature is decreased below the Curie Point, the ther- 
mal energy is no longer sufficient to make all six of the possible po- 
sitions for the titanium atom equally orobable. Most of the titaniums 
in a region (or domain) tend to line up in a |: favored direction. 
The axis along which the titanium has been dis»laced becomes neat than 
the other two, the structure is now tetragonal, a dipole moment de- 
velopes in the direction of the longer axis, and the material is ferro- 
electric in one direction. However in multidomain single crystals or 
in polycrystalline samoles, these domains aro oriented at random with 
respect to each other and the net polarization is zero. In this and 
subsequent phases, the barium titanate may be polarized to produce 
piezoelectric effects. After the initial sharp drop in dielectric 
constant near the Curie Point, the decrease continues slowly with 
temperature until a second transition point is reached. 

The second transition point comes at about 109C., occurrinz higher 
for rising temoeratures than for falling, In this stage the thermal 
energy has lessened to the point where the titanium may be disvlaced in 
two favored directions instead of just one, and aoparently spends equal 


times in both positions. In this phase the crystal has become orthorhonbic, 
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ani exhibits ferroelectric prawerties along thr тағ. ТҮ! атта. 
Second Sharp !rop, of smaller macnitwle tian tar Úirst, in dielectrie 
constant eccurs here. 

Following the sharo drop, a stead lecreise with temperature a ali 
takes place and continues to about -509C. at which temoerature there is 
a third transition. In this phase, which apoarently continues down to 
absolute zero, the structure is trial. The titanium can now spend 
equal times in any one of three sitions, айй tie crystal Misuhers 
ferroelectricity along three exes. At this third transition point the 
decrease in dielectric const.nt is less pronounced anad not as sharoly 
defined as at the two preceding oncs. And jinally the radual decrease 
of dielectric constant with temperature resumes, réac'iing a minimın palus 
of atout ninety at absolute zero. 

Figure l is a plot of the terberaturr variation of dielectric c^n- 
stant for nolyervstalline bariun titanate as determined by von Wibbel, (2L 
The data were measured at one kilocycle per second for increasing 
temoerature. It must be pointed out that at this time the »roduction of 
titanate ceramics is less a science tian an art. The or oerties an? be- 
havior of the finished ceramic is deoendent uoon t^e ourity of the raw 
materials and the method oí manufacture. (h) (8) (19). rroperties varr 
not only from lot to lot of the intredirnts, but also from batch to bate? 
of t^e sane lot. Theoretical considerations arc of slight avail in those 
fields; only tedious experimentation is vrovidine concrete answers.  5till 
unsettled are such basic questions as tne optimum firin, cycle frr 
vitrifyin: the ceramic. 

Here too it must be noted that the oroberties of barium titanate 


test bodies vary with frequency and with annlied field as well as with 
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° ‚irnificance of Barium Titanate Bebaviour. 
wentarr *lectrostatics it is shown that when a linear noro- 
mn. die! t'rric iw exoosed to the influence of an eloctric ficl?, ñ, 
агим › э @msults from the tendency of orbital electrons an 
mel sm.” ого а» to al on themselves with the і1ісіл. The relationship 


la expre sel as 
ree (1) 


in witch € is the #lectric sußc# wibility. йу definition, the electric 


disolacement, D, is 
D25EJ4 fr (2) 
Substituting (1) into (2) yields 


Бек TEE 


D» E(1 Z life) 


(3) 


The factor (1 4 1776) is terned the oervittivity or dielectric constant, 
designateá bv the symbol K and is indeoendent oi E, 

However, as barium titanate is neither linear пог ізоїго ›1с, and 
tre quantities D, г, апі Р аге vectors, it is necessary to alter the de- 
finin- equations slikntiy. MWe Óivrvso BgPilgest3em is to consider опіт 
com»onenis which are sarallel to F, Next, i ib considered to be tve re- 


sultant of several »olarizations. That э larization czvsed bv electron 





: s . AS or oni órooorLiouel to іле “011, and no 
migration is Fa is before, this a bro>ortiowal to the (4014, and n 

mechanical strain results t^eroirom. Tre nolarization wıich results iron 
„Але disolecenent of the titanium atoms as discussed in section 2 is 


designated Pd . Because the titaniun atens mirrato with utter ranloxm"ss 
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favored oxwzen atoms. Tae inteipkar o- bese actions causes rq to 
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(Mason (17) »resents a rigorous Mat ematicel antlysis of Uais5 mrcı- 
anism, and empirically evalvuüt^5 certain of the oro^ortiorality fanctorc 
involved.) 


Retrrnink now to іле Akıinin "equatiand, it iv seen that 


pour / Ж ЙТ 

P = * @)?= (14) 
and 

D= EWP 

D= E K ITET 

D3 (7) (2а) 
were 


es 1 £ ¢ cry (3a) 
becomes the new exoression for K, the dielectric constant. 
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Mix 1 Mix 2 Mix L 
1280 880 о X 
МЕЗ 8,0 о E 
79.7 SEL 100.0 & 
100 76 Ср mias 
35 113 L6 м 
-15.0 -,3.5 ГЕЯ = 
868 1033 29P1 mf 
295 113) 3362 rf 
8.10 zus lea i 
с.с 10,22 103 
me 9.71 xLO 
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DF = R/X seCRe 2 WLCR 





Polarization cirrie? wt at 15r. Тог Dur urs with a 
fieli of sixty kilovolts >er inc". 


Measurenents made on ratio arm hrid-o at ten kiloeveles 
ger second and room teno^ratur^ (35-00% ) no sooner than 
thirty-six hours after 3olarizavioc. 


Samoles were riffs, aber diageter 1,2", inter !ia-etor 


1.0", height ,25", mechanieallv resonemt at à-cut fiiítv 
kilocycles per soconc. 
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a As ri ale tte «Р е; ог enrgamic "$9! be ınvarsänt 
Aa reseo La weewernMr. Te atty Lur gati TuS, wap" йогу 
as Mis саг есі Lo dF bare у! Шы дуп lef other соя” 
ames, сійіізі 2 сіусілі 1.66ісе stidetur am coca Пак to 


eri vitanal', аге әб ей i$ Kho cerimic. “monk ter Woro thorou ht 


ti"3t^d жек дісгат tw ctáfmalos and titike qi Wm, сат 
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і пу 
сыл-, Рәтінр, Ағы stro 149 Yanialates 41d промо 1248 brán c 
Ded WM bes wil. Gort „m mc ale ni шнын ниш Бо of ad lado. (22) 
іг хөпеггі, аб5і(іхуос chile the Ci rte gne/or гт) оС and 
beer mer ctite ТОМИ. Rê UM OULU Qi l сгеост ye- 
twecn. bv Ілігіс сп ria points ic incra, Wa dielectric 
esuissant tenó5 te жске ore steile over an app reciafile portion 
il UU intervcnioót Фо тои рог, 

bre tiv salts Lower tye Curie oint and Proaen бае рокі in 


the dicbectric const*ht versus vo"Soratorm curve. otannatés roter 





i 
ç Ж 4 * e . . E 
фиг ШС САР Зс гео. (Tino Wu гоп есесі MA ciaal lat- 


ШІсе сәсзӛсете; отжейікіу, (12) имс> Soin ub $^ difTiculty of 
hin to orecict the bogewiourr of the CTE Pray. “ue lt сваі 
сай согзібгізілопе at this time.) Leal camrutids гас ве te Curie 
Forint and lower © 6e.*5oecsnd trss5ition boint. Tey also lower the 
piegooilcctiic ісер C lciun comiounds lower tie second trsnsition 
joint withouwc ericcting tre Curié roint, Piila ytiriom oxide has 
Ue] the sauc clic 5 176 a lead са е5 719, 20N Dass io required to 


Produce t^^ Sade rowiLts, it i3 Whic^ too "wen:ivc at oreBent for 


unive commerciis) w Lien tien. 





In a recent svmoo8iue on bari titanite ucceleroraters (1,1), it 


was roported that a ceramic composed of l-b lead titanate, 1.37 calcium 





titanate, and 79.75 hariun titanate had optinuin stability with resoect 














to temperature. Experiment with this and other mixes indicate that a 
material composed of 8, each oi lead and calciur titenates, Ih. barium 
titanato is better suited for this aoplication. 

Figures 2,23,h,a8nd С оп the following pages illustrate experimental 
results in this area, The data were taken at a frequency of one kilo- 


cycle per second with increasing temerature. The test bodies were 


polarized rings of the mixtures listed in Table I. Because the di- 







` electric constants involved are of greatly diíferent ragnitudes, the 


. results are expressed as the percent change from the capacity of ТО; 








a purely arbitrary choice of the normaliz 
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k. Desire? Cig meet Ut 

Yo verily wer orac.ic*li&y ор Мс pronom a a HE Srodki € 
.vxeuwercv Shirt Foy" бі і21, 4 variable .теңабасу отсі21аіог етті сұлуды 
а лн ое се ган с cazacikor &s 4 TresusHe; otteuninismg ocrtion of 
Tee circtett was required. st wo Ogowed negewtary tet wie oscilletor 
— "gg an inherent’ Uis 46 1ө4 o. rreqvency Stat¥ilaty in order that 
unwanted Lrequeney drifts (caused Ir tube capacitances shifting, for 
смале) urull not cloud uie res lts of tiasin, the ceramic unit. +l- 
thowe aornal radio tehetvpi sve tags частоте witea а ігешыерст shift of 
on'v 4£0 evcles оог scavid, Ti waw desired to te able to producer a 
Urift эп the order o: a bundred kilocyeleg per second (to tr able to 
г.г бус сс We 5685358139, of produci Ireavency wddulation of 
É rero meril йке ін” Біз CMO. Se that thib deviation might 
ЮТ. П ton "тезі а OPrthen of thie resonant frequedc;, іле газе Гте- 
Qqvcney z:ould be at least a "ИЕСусіе зет өжсшпс. 

T^^ Claon (5eries Tuned Colvitts) COseill&tor was considered to best 
VLILI tuc есі? іса сіма Eroaditr outlined auovo. (.. detailed analysis 


f this circit is -iver in ..pendix 1).  Rat"er t»an erloy scoarete 


9 


Gscillator and '"ufter auoliiier stapes, T pentodi Electron coupled cir- 
елі: ма" resorted to ior ^comony ol tubas amd cemponents. ..1thovzh 
Pool »reciic^ ig ta op rate the clave tamk circrit at twice thé free 
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XY сігстті, із vas ABcided to work troth at the 


E) 


Өлтерет of the centrai 


ere frocunfcr For botirr orofrvation of 5036Xbl6 distortion $n the 


OL OL WAVES iom. 
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cs Titanate Sanol*s 

The most difficult part + tre *haosriembil uar: MM pren i 
paper is based was obtaining suitable satioles si сега іе. TMe or 
duction of even small amounts ог this material rejikros a Lur e ii- 
vestment in dies, a oross, and a well ге йл! kula м ich were net 
available locally. However, three игсмоз o, sa) sles were aviilalle. 
The first consisted of tw capacitors, Сол 'siti'n оп nown, Raini- 
factured by the Gulton :ianufacturins Corporation (or Metuchen, Now 
Jersey). After much labor, these were dliscac?e? b»cause a satis- 
factory Nerrer of tenoerature statility coul? not Te obtained with 
them, Measures taren to imorove tis stavility included the use 
of termál insulation, coolin- with fand, and “tir tin. vo contr l 
the temperature of the samples with a crystal oven of tae tvoe en- 
ployed in ultra high frequency ridio equipments. 

The second group of samples consisted ^f thin sheets ci var- 
ious ceramics, also prepared by tye Culton XembPacturin. Corver- 
ation. On the basis of oublish^d lata for tiese materiils, the 
nne which seened most suitable wrs trie! in the circuits Tis 
too oroved to be unsatisfactorv althou h an anreciable imor>ve- 
ment resulted. Apparently systerosis lossos (and perhans the 
converse pyroelectric гес) were hertin: чае зам Тез. This 
caused t^e capacity and resistance of te naterial to s ift, 
thereby varving tad frequéncv. "Wit? Ui canes in frewvency, оле 
current through the capacitor chan ^8, alterinz; toe ascunt nf 
heating that took pl*ce. The resultant c'an'e in frejuencv wa. 
sinusoidal in nature with an amolitude ori about спе kilocycle 


per second for tho second sample (about one and a half ril'cvclos 
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рег second fnr t*e fir$t Sns) anl à berio? ei thirte-five to loner 





seconés, (Substitutinz an air dielectric variable for hë cerumuc 
capacitor remover this self modulation which inJicated tex to 
cause was some огорегіу оГ іле titanate, not some defect of the 
circuit). 

The third grow of s@mples consistad wf pisces Bf canamic of 
mixture nunber two (8. each of lead onda calcinm titanates, О 
barium titanate) discussed оәгегізісіуг. муегзі оі ілесе were sic- 
tions of rims which had failed "rin аб ҮЗілгіғас ^m. 
These.oroved to be tom Lossv to suo mrt escillatinns in tiis oir- 
Guit. A comelétce ring, Nich NA not Бол 21214874, owe bat- 
isfactorv. iis oarticular unit had a roms tegéeér&ture, unbiase4 
caoacitance of 1010 &Gicrofücrofarads, Measured gt nne Lil^^y^lo 
Der second. 

Be Circuit en? Construction Info Lion 

The circuit of the experirent:l oscillator (s^heun in ілуге 
6) is quite conventional(2) so only significant jiflererces need 
be commonted on. Ih efiecitive tuuing capiciuapcé. , C+ , 150,1 , a 
Silvero? nica, and Co , the nonlinear titinhte unit, in series. 
Me ma&nitudé of C5 is Wech tooa lamie to use a$ is, 5o this re- 
Euehs it to 2 usable value of 


Cy Co 





С, 2 ---------.---- 


-C1 x Co 


The chanze in Cy for @ given chamet in 02 ls abeo reduce’ as is 
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seen br takinz the differential of тас!» moe "mi tw ҮР Оаа», 
2 
Ci 
ӘС, 2 --------------2 dCo 
(Cy # Co) 

This turns out to be an advantape as it is possible tn broduce a 
much greater change in С2 by apolyink г Tias to Lt than is pro- 
duced bv tefhperature variations. T^t$ rmiuctihün in tw* c»an7e of 
capacity therefore assists in attainine tenoeratsre stal'ility at 
the orice of requiring larser pulses to ‘ive toe desired? chan 0. 
The oresenc* of Cy also serves to llock the "ias ootential ao- 
plied t^ the ceramic unit irom the rest of the vined circuit. 
Neither L, nor L, are shielded, but thev aro movntec?s wit; t»eir 
axes at right angles te minimize mutual coupling between tren. 
I, has an unloaded 4 of 195 апл Ly has an unloaded Ç of 95 
(for broader resoonse) at one siegacyelo oer 3er nl. Pie choke 
5011, REC, , is provided to isolate the bias Sower stobly fron 
the radio frequéacy currents of the tuned circuit. Сз ana б), 
nominally equal in the Clanp Circuit, are here matchee? t. within 
0.42. 
BE. Tests Conguctsd 

Well rezulate? (Jewlett rackard 7102) laboratory wer suJ- 
nlies were used during all tests to mini:ize frequency variations 
caused by volta. e chances.  * resistive v^lta ^ iv;id-^r vas used 
ve provide screen «rid aint. plate volta-es from a common s*»5ly t^ 
increase frequency stability. The plate ЮГЕ was set at 2 0 
volts, and the screen grid potential adjusted for ë screen ¿rid 


current of five millameres. The resultant lat” current was 
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[yere Фот. © | gebe gr u M фас ж a, Li-L 
nter `2yFfe іт (өтс Lor ab? too hirs. aala $a W trohic 
ulim + pago. mmm. 7 33h» à* * "»* tho сесір стіпігт. ¡he 

L copies іме авсі td nr , а СЗ сертті жестітіігч іге- 
qane standard anhe vell oa anatas ЖЕУ с 3га Былк ws Ci ur. 
Pye acc mcr ^ Sort A о ШИ CO OI Ein 

15 с "erel rL" ey t a to ик. г 
stib-liUe PE te IM mas FE een іш іе blew arr. 
Mit: tar cr-stal tc LME" Mr zen, Із bi Cau; or the 
Rt fed wo te ane t come GE ol, Û tat Trephnencz 
Oscillator mas br Er A Loro 1210 Meda С 217% ber second 
"inner tan rer wu (1112.86 kes.). “The clanes in frequency 


were e'useived ror 3 period Іі nae UT. Eng dévihti^ns of as 
Е 


Mo: a ¡Mitos ire coc ls Mr Saal Dos Ar лісыб, were месе. 
In ule aTmmuión t at t" elr6til abolir TG steele He mithin 
Бом cycles aer 3e"m" er Ga qows len yaz CC, OSL Pi tresa do- 
VWiations fier Er rail LT iT CEE ВАС cmeLllaUusr 


^r tae “Sie Vis "радас ап іс Ила ЧЕ О MecCUracy: to dear- 
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ест үг Ш ст поп ог Фе тиг апос (ШЕТІ. 

Nart thé crystal soe _Liator WAS ЗОО | № ТОО ast ut 
arom the =Serjinment  wsselllabör coublos Y UM An At teriinals 
of the 5.. The О мос г Мао VUbNCorhrilz w-t? Seudbainnes, 
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to the LM, the tunınz dial was alvuncra util a live hundió cycle 
yer second beat note resulted, and the Ітетузетс” уатілбісі 85 aa” 
observed for a period oi one hour. ‘This tree of mn wae made vit 
biasing cotentials of О, 109, 200, апа JOY ALLE allied i Ае 
ceramic unit.  ,axinum deviations tor thata rens Aid not exceed 
plus or minus fifty cycles тг second and were of ë random naunre, 
The oprratinx irequerncies lor these runs were 110,05, 1100.70, 
130.15, апа 11 39.55 kilocvcles per second respectively. 

Next investigated was the trequency versus bias characisristics. 
(Гог this and subsequent tests head onores were used as ıull indi- 
eators and the 83hB dispensed with.) ‘Tne hias applied to the ti- 
tanate capacitor was increased in ten volt steps, an? the frequency 
measured, Upon reaching a valve of 300 volts, the bias was de- 
creased in ten volt steps and the correspondir., frequercies acain 
determined. ixt the bias was cycled un and down in twenty-five 
volt steps to see how serious hysteresis effects would he. Results 
am plotted in Figure 7. 

To simulate the nroposed conditi n5 of vse, the bias on 
the nonlinear cadacitor was varied between several difierent levels 
ab rapidly as the frequency corresvonding to each value oi bias 
could Бе determined. Results are indicated in Tatle if. This test 
approximated a low fre,uency square wave signal, but adcrittedly dic 
not avoroack the twenty-two cycle per Second siesnzl fron a teletv»e. 
However, ^pstein and ifeid“r, (1) Donley, (9) and Dranetz et а1.,(11) 
are among those who reoort havinz oroduced mere general frequency itod- 


ulation with a complex audio frequency $17102] by соузага”іс methods, 
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without appreciable distortion.  Bothersome time lar effects are not 
anticioate here. 

It was desired to determine the harmonic content of the output 
wave. The frequency of the oscillator is outside the range of the 
harmonic wave analyzers available in the laboratory. If the signal 
were translated downward by suitable heterodynings and апу арргесі- 
able distortion noted, the source of the distortion would not be 
uniquely determined; the culprit could be the beat frequency os- 
cillator, the mixer, or the experimental oscillator. Nor could 
the relative magnitudes of the harmonics, if found, be determined 
accurately in this fashion. Therefore the output was examined 
visually with a Tektronix 511AD Oscilloscove. The bias on the non- 
linear capacitor was varied, again in ten volt steps, from zero to 
three hundred volts. For each value of bias the picture on the os- 
cilloscope was adjusted to show four cycles completely filling the 
ruled grid. No distortion could be seen. No improvement could be 
noted when an air dielectric variable capacitor was substituted for 
the titanate unit. 

5. Conclusions. 

The experimental data show that it is feasible to produce a 
frequency shifted signal by аоріуіпс signal pulses to a suitable non- 
linear capacitor. Several methods have been tried to insure temper- 
ature stability. The most promising of those seems to be the develop- 
ment of high Curie Point coles. It may be advisable to employ 
tantalates and niobates, instead of the more thoroughly investigated 
titanates, as they have Curie Foints in the range of 200°C. to 3509C. 


(3920F. to 6620Е,), transition points near 0°C. (320Е.), апа аге 
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TALS ІІ 


RESEUWSE TO SIGNAL | "L9w5 






rULSE MAGNITUDE BIAS VNLTIGT MAAN РЕБ ОТҮ BAKI RUN Dg TIN | 
A XIMUF A NINU i KCS ı LUS MINUS —” 


100 volts 302 1155.63 27 00 
200 1143.06 20 10 
200 volts 300 11). 3.0) 10 39 
100 LIRE 90 2n 


300 volts 320 1a 2) 2) 
0 113885 10 39 
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otherwise very similar to the titanates(22), A road of attack not 
tested is the use of positive temperature coefficient comvensatinz 
capacitors, This approach was not evaluated because suitable units 
could not be obtained locally at this time. 

Atpresent a very large pulse is required to produce the re- 
quired frequency shift. The nonlinear capacitor employed was 0.10 
inch thick. As the proportional change in capacity is determined by 
the field strength produced bv the pulse, the use of thinner units 
will enable the production of a given shift with a smaller pulse. 
(Gulton Manufacturing Corporation has perfected a technique whereby 
sheets of only several mils thickness can be produced. (11) ) The 
required change in capacity can also be reduced by several means. 
Among these are frequency doubling in the plate circuit of the os- 
cillator, and operating the oscillator at a higher base frequency 
Since the proportional change in capacity required is twice the mag- 


nitude of the proportional change in frequency. 
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APPENDIX I 





ANALYSIS Ob CLAPP ООС ГАТОВА CIRCUIT 


The radio frequency portion of the basic Clapp Oscillator circuit 


is shown below. The losses of both L and C are assumed 





Figure 8. Basic Clapp Oscillator Circuit 


to be lumped in R. For stable oscillations to exist, the energy dis- 
sipated in R must be supplied by feed-back, in this circuit across 


Cy and C Froceeding on the loop basis, it is seen that 





& = i) Z j (X. - Xc) ) (1) 

e= i (jQ 7 35) і, јх . (2) 
But із< Bn €g En 113% (3) 
so that 

іу 300 f Xo)  - 8pi XX). (4)‏ دوه 
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if e. equals e then 


ji 2” 
i, (RA XQ -X0) * )ن رذ‎ FR) 


- En E % Y; ь (5) 












When the fed-hack energy equals t'at lost in P, stable oscillations 
exist, ап! е, dons equal en. Dividin:; out the comin factor, і y 
in all terms of (5), and equatin: the real an? Lira inary o^rtions oi 


each side, it is seen that 
п 
w еше? г T 


is a condition that must be satisfied for stidbilit’, and that the 


frequency of oscillations may be calculated from 





X, - Ke HF Xp (7) 
1 T 18 
wb =- -- # --- # -- (8) 
WÛ wo, ©, | 
L D E 
wL - = == A же 2 -— = (9) 
we С. WC 2 
C С 
г KEC 14 -- £4 -- (10) 
Cy с, 
f = (11) 
When Cy equals Co 
f 3 (12) 
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inally, 11% ііпұ (lL) oy (13) ~ives an exoresoton Ісг іле Ігасбіғлаі 


e of [requener in temas nı Өле fraction-i соапее of tuning 


Tu must je nemenbered chat stray an' tube capacities ro 
o С) and Ca . Since the physical ernacitors ем lod are uch 
Frater tan tise »-tranesus ad itions, variations in the unwant 
cities will net reatlr affect tê circuit. In adlition, the 
іп: сазасібапсе, C, om:;lore? in t^is circuit is alwavs consiósr- 
ES СТ en tet Me" лес о өш)! ту in té cuenta 
ШІ ст оғ sartlar circuits, T us a kiviin na-nitu™e ov cham 


15 ers Much smaller Jortin o7 it, Tar'in- Uie Ireswener SESS 


























V uet _BINDERY 


RECAT 

ad oi 

NO 558 . 204: 

| АР ы EELE 





СО 
Dryer 
Application of berium tit^^^te 

capacitors to frequency shift 

beying circuits. 





